The authors describe a conceptual framework for implementation and dissemination science (IDS) and propose competencies for IDS training. Their framework is designed to facilitate the application of theories and methods from the distinct domains of clinical disciplines (e.g., medicine, public health), population sciences (e.g., biostatistics, epidemiology), and translational disciplines (e.g., social and behavioral sciences, business administration education). They explore three principles that guided the development of their conceptual framework: Behavior change among organizations and/or individuals (providers, patients) is inherent in the translation process; engagement of stakeholder organizations, health care delivery systems, and individuals is imperative to achieve effective translation and sustained improvements; and IDS research is iterative, benefiting from cycles and collaborative, bidirectional relationships. The authors propose seven domains for IDS training-team science, context identification, literature identification and assessment, community engagement, intervention design and research implementation, evaluation of effect of translational activity, behavioral change communication strategies-and define 12 IDS training competencies within these domains. As a model, they describe specific courses introduced at the University of California, San Francisco, which they designed to develop these competencies. The authors encourage other training programs and institutions to use or adapt the design principles, conceptual framework, and proposed competencies to evaluate their current IDS training needs and to support new program development.
Translationofmedicalevidenceinto practice, policy, and public health improvements refers to the widespread dissemination and adoption of interventions that can have a significant effect on health. Although most interventions designed to improve population health target individuals, access to and delivery of these interventions depends on communities, health care delivery systems (HCDSs), health care professionals, and government agencies. Effective translation has been slow and inconsistent across the spectrum of HCDSs and communities in the United States, [1] [2] [3] [4] and such inconsistencies contribute to the current state of variable and suboptimal population health. [5] [6] [7] Within U.S. HCDSs, challenges with translation are perhaps best exemplified by the finding that dissemination of practice guidelines rarely changes practice. 7 Researchers trained in implementation and dissemination science (IDS) are needed to facilitate the translation of evidence into practice. The National Institutes of Health (NIH) defines implementation as "the use of strategies to adopt and integrate evidence-based health interventions and change practice patterns within specific settings" and dissemination as "the targeted distribution of information and intervention materials to a specific public health or clinical practice audience." 8 IDS research aims to examine and promote changes at the intersection of health services (interventions intended to improve health, such as specific treatments, tests, or behavioral strategies), delivery systems (systems that facilitate the delivery of health services, such as hospitals, clinics, or community-or policy-based organizations), and communities (groups of individuals, such as physicians, patients with diabetes, hospital administrators, or policy makers). These sets of actors collaboratively shape the reach, relevance, uptake, and diffusion of interventions.
During the past 30 years, clinical research has been redefined by the application of epidemiology and biostatistics theory and methods to biological, clinical, and population health sciences. This transformation has led to new approaches, methods, and training programs, which have yielded a generation of investigators specializing in relatively new fields such as clinical trials, clinical and social epidemiology, and evidence-based medicine. Recent mandates from stakeholder organizations (e.g., government agencies, payers) that direct researchers to translate knowledge gained from the publicly funded investment in biomedical sciences research into improved population health are similarly transforming IDS research. 9 Further, there is a large and growing body of evidence that supports the effectiveness of intervention implementation strategies based on IDS principles. 10, 11 (For example, the Cochrane Collaboration's Effective Practice and Organisation of Care Group conducts systematic reviews on a wide variety of implementation strategies and tools. 12 ) However, even though IDS researchers require specific skills to help translate evidence into practice, there is a dearth of IDS training programs in the United States-in part because the skill set has not been adequately defined and continues to evolve. A directory of implementation science training programs provided by the March 2011 NIH Conference on Dissemination and Implementation Science identified only 6 "specialized programs" and 14 "general training programs with implementation science as [a] secondary or optional concentration" in the United States. 13 To help inform institutional efforts to develop and expand IDS research skills training for health care professionals, we propose in this article a conceptual framework that defines, organizes, and guides specific translational activities. Using this framework, we propose seven domains comprising 12 core competencies for IDS researchers. Finally, we describe the series of IDS-specific courses at the University of California, San Francisco (UCSF) that has evolved from this conceptual framework and supports the attainment of these core competencies.
A Conceptual Framework for Training in IDS Research
The goals and methods of IDS research are distinct from those of conventional clinical research. The IDS approach to improving health care safety, efficiency, equitability, and patient-centeredness focuses on care structures and processes, and it requires sustained engagement with the individuals, communities, and organizations targeted by health interventions. 14 To prepare investigators and health professionals for this approach, we believe a new fusion must take place among the clinical and public health disciplines, which provide content and context expertise in specific healthrelated areas; the population sciences (e.g., epidemiology, biostatistics, health policy), which generate human-subjectsbased medical evidence; and the translational disciplines, which we define as the diverse array of IDS-relevant disciplines that provide a theoretical and methodological basis for understanding and changing behaviors ( Figure 1 ).
Given that IDS goals for translating research findings into practice lie at the intersection of a variety of disciplines, it is not feasible for implementation scientists to be expert in all of the relevant theories and methods. This is why successful IDS research draws on multidisciplinary teams. Team science is critical for effective implementation of health care improvement strategies. As a result, IDS training programs-which should include trainees from a wide variety of educational and professional backgrounds-will benefit from an interdisciplinary model for teaching and curriculum development. There is a growing body of research demonstrating the advantages of incorporating interdisciplinary approaches such as team science into training programs. For example, Nair and Finucane 15 found that seasoned and early-career researchers who have been trained in interdisciplinary graduate programs are capable of consistently bridging the knowledge and methods of different disciplines and of more effectively tailoring their investigations to local circumstances.
To guide the development and/or expansion of IDS research training curricula for investigators and health professionals, we developed a series of design principles and a conceptual framework. Our iterative, collaborative development process involved reviews of literature on IDS-related research goals and discussions of those goals' implications for training. Below, we describe each of the three design principles and related aspects of the conceptual framework.
Design principle 1: Behavior change among individuals and delivery systems is inherent in the translation of evidence into practice, policy, and public health improvements
As depicted in our conceptual framework ( Figure 2 ), behavior change targets can represent stakeholder organizations, which include government agencies, employers, insurers/payers, and academic institutions; HCDSs, which are organizations that provide health care services or the settings in which such services are delivered (e.g., hospitals, private practices, pharmacybased clinics); and individuals, who include patients and clinicians practicing within or outside HCDSs. Defining a given translational activity's behavior change target can direct the IDS research team to the relevant theory and current evidence for program planning and development. For example, Shortell and Kaluzny 16 have defined some of the theoretical constructs and translational tools that pertain to organizational behavior change among HCDSs. Glanz and colleagues 17 A key learning objective for IDS trainees involves identifying the range of factors (behavioral, social, ethical, institutional, political, and economic) that shape a particular behavior or organizational process, and then choosing appropriate theoretical constructs to describe and predict a desired change. For example, one of the major lessons that emerged from the application of Prochaska and Velicer's 18 "stages of change" theory to smoking cessation trials was that smokers at different stages of change require different interventions. For example, smokers who express motivation and a "readiness to quit" are much more successful with interventions focusing on therapeutic support (e.g., nicotine replacement therapy) than are smokers who have not expressed interest in quitting. By contrast, effective strategies for smokers who have not considered quitting are those that increase their readiness to quit, such as social marketing and motivational interviewing techniques. This theory-driven approach has been successfully employed in behavior change interventions targeting diverse settings, communities, and individuals, including clinicians in quality improvement programs and young adults in social settings. 19 Implicit in the concept of behavior change related to the translation of evidence into practice is an operator who sponsors, directs, and/or promotes the proposed behavior change. Depending on the nature of the intervention or research activity, an operator can also serve as the target for behavior change. IDS researchers should be adept at identifying the key players in a translational project because doing so allows them to establish the nature of relationships and the direction of information flow. For example, a stakeholder organization such as Medicare (acting as the operator) can implement a new policy that requires hospitals (the behavior change target) to report the number of their emergency department patients who "left without treatment." Although the ultimate desired outcome is to reduce the number of patients who leave emergency departments without treatment, from an implementation design perspective, the key behavior of this intervention is hospital compliance with public reporting (and relevant theory might center on organizational behavior change). In another example, a community advocacy group (acting as the operator) could create a media campaign and lobbying effort to convince Medicare (the behavior change target) to monitor and then develop and enact policies (the behavior) that would help decrease crowding in emergency departments. As these examples illustrate, in IDS research there are often multiple and changing actors at different stages of the investigation, intervention development, and implementation; there are no "fixed" assignments of "operator" and "target."
Defining the operator and the behavior change target for a particular problem can be complex. The IDS research team may need to use qualitative methods to tease out relevant behaviors based on interviews and direct observation of key individuals. Once the key behavior change pathways are delineated, IDS researchers can then begin testing theoretically based constructs or develop them de novo.
(For examples of operator and behavior change target relationships, see Appendix 1.)
Using our conceptual framework to define these relationships can also help classify a wide variety of implementation tools and strategies employed in the translation of evidence into practice, policy, and public health (Appendix 1). Examples of tools that are commonly used to directly influence individual behaviors include clinical practice guidelines, decision aids, mass media campaigns, and conditional cash payments. Individual behaviors can also be influenced indirectly. Indirect strategies assume that changing HCDS and stakeholder organizational structures and policies will result in changes in individual (provider or patient) behaviors. These include engineered wellness programs and built-environment enhancements that encourage increased physical activity in work and community settings; measurement and public reporting of quality indicators at the hospital, clinic, health department, or health plan level; financial incentives for HCDSs to achieve certain benchmarks of quality performance (pay for performance); and accreditation policies.
Design principle 2: Engagement with a range of individuals and stakeholder organizations is imperative to achieve effective translation and sustained improvement
Historically, many initiatives to promote healthy behaviors and improve the quality of health care delivery have been implemented without direct input from and engagement with the targeted individuals/communities, or have limited their engagement to individuals/ communities who are convenient to access, such as those represented by Figure 2 A conceptual framework for translating evidence into practice, policy, and public health improvements. The translation of evidence into practice, policy, and population health is made operational through activities that occur and relationships that exist among stakeholder organizations, health care delivery systems, and individuals. For a given translational activity, vertical arrows link the operator (the entity that is initiating/sponsoring the activity) and the target for the desired behavior change. The vertical arrows on the right side of the figure represent intervention activities, which are primarily activities designed to induce change. The vertical arrows on the left side represent engagement activities, which are primarily activities designed to gather information to inform stakeholder organizations about or to advocate intervention activities. The bidirectional nature of the vertical and horizontal arrows is intended to represent the iterative, cyclical nature of implementation and dissemination science research.
Translating Research Findings Into Practice specific organizations (e.g., professional societies or churches). In this context, we endorse a broad definition of community to include ambulatory care and hospital providers and staff, clinical microsystems (e.g., intensive care units, dialysis centers), public health departments, regulatory agencies, government agencies, employers, insurers, and community-based organizations outside the health arena. The omission of targets' direct input is commonly cited 20 as one reason why health care interventions and implementation strategies that succeed in one community setting may be difficult to sustain and disseminate more broadly across other community settings.
To be most effective, IDS researchers must be skilled in building successful and sustainable relationships with community members and organizations. They should integrate a thorough understanding of local context and culture into the design of the research question and intervention. Competencies in community engagement can be initiated in the classroom, but, ultimately, IDS researchers require hands-on experience with relevant community-based organizations and stakeholders.
Design principle 3: IDS research is iterative and benefits from cycles and collaborative/bidirectional relationships
A "one-size-fits-all" approach to spreading successful health care interventions from one setting to another rarely succeeds. A cyclical, rather than linear, approach is necessary because translating evidence into practice requires attention to real-world settings in which many contextual variables will influence the implementation process. With each cycle, the IDS project team identifies barriers to improving outcomes and develops strategies to minimize or work around these barriers. The ongoing evaluation of the implementation process enables the team to assess the effect of specific translational activities. The utility of this approach is exemplified by the iterative, continuous-qualityimprovement-inspired plan-do-study-act cycle applied to health care by the Institute for Healthcare Improvement and other organizations, 21 the community-engagement practices in community clinic settings such as those described in community-oriented primary care models, 22 and the community-based participatory research models adapted from public health. 23 The iterative, bidirectional approach we describe applies to implementation of a single translational activity (e.g., represented by a single dyad, such as those shown in Appendix 1) as well as to larger-scale programs that employ multiple dyads across multiple dimensions over time. To illustrate how all three design principles could be applied in a targeted intervention, we provide a case study focusing on an effort to improve chlamydia screening rates (see Supplemental Digital Appendix 1, http:// links.lww.com/ACADMED/A75).
Competencies for IDS Trainees
Our design principles and conceptual framework provide a foundation for identifying key knowledge, skills, and abilities for IDS researchers. IDS requirements inherently overlap with those identified by Gebbie and colleagues 24 for the field of interdisciplinary research. Their proposed interdisciplinary research competencies, developed using a Delphi process, include the following: We integrated these IDS-relevant competencies with our IDS design principles to generate a set of seven IDS domains: team science, context identification, literature identification and assessment, community engagement, intervention design and research implementation, evaluation of effect of translational activity, and behavioral change communication strategies. For each domain, we propose associated IDS competencies that are distinct from those in traditional disciplines (Table 1) . Once one of these competencies is identified as a goal in a particular IDS curriculum, course developers can suggest learning activities that are appropriate for that competency. Table 1 provides examples of specific learning activities included in UCSF's IDS courses, which we described below.
UCSF's IDS Curriculum
During Table 2 for a full description of each IDS-specific course. † This course was offered by the UCSF clinical research training program before the development of the IDSspecific courses and curriculum described in this article and in Table 2 . The IDS courses have been integrated into TICR's programs of study, including the two-year master's degree program in clinical research that is intended for advanced predoctoral students, postdoctoral fellows, and faculty members who wish to master clinical research methods and pursue independent research careers. These scholars may enroll in the IDS track, which combines epidemiology and biostatistics courses with a minimum of five courses in IDS theory and methods.
Context identification
(Three of the five must be selected from the IDS-specific courses, and two may be chosen from the IDS-specific courses or the IDS-oriented courses.) Concurrent with their didactic course work, IDS research trainees may opt to be placed with HCDSs (e.g., hospitals, clinics, public health departments) to learn how these community-based organizations prioritize and make decisions about which health care and/or public health interventions to implement. Scholars in the IDS track complete all of the capstone assignments required for the master's in clinical research, including a comprehensive review of the literature on a specific topic, a first-authored oral or poster presentation at a national or international meeting, and a firstauthored manuscript submission to a peer-reviewed journal.
We are developing a brief (3-6 months), intensive IDS training experience that is independent of the master's program, in which trainees will learn and apply the principles and skills of IDS through participation in a quality improvement, delivery system innovation, or community health promotion project. These projects will be directed by members of an experienced, multidisciplinary team, and trainees will participate in the project's design, implementation, and evaluation aspects. Through discussions with leaders of HCDSs and public health officers, potential projects will be identified that are high priority to the HCDSs or public health stakeholders and that have high organizational/community commitment and investment.
Our future research will evaluate the impact of these two IDS training programs. We plan to assess the impact of this curriculum on trainees' IDS competencies, as well as the number and type of resulting multidisciplinary collaborations and community partnerships, the number of IDS-related research publications and grant submissions by trainees, and the effectiveness of implementation programs designed and/or coordinated by trainees.
Conclusions
When developing a curriculum, it is essential to identify learners' needs and devise learning objectives and teaching strategies designed to meet these needs. Our conceptual framework for IDS, our design principles for IDS research training, and our interdisciplinary model curriculum represent a break with the dominant educational paradigm in which most courses reside in separate disciplines. Moreover, the competencies we propose here and teach in our IDS courses at UCSF are grounded in interdisciplinary research and team sciences-a departure from the emphasis of standard scientific research training programs. We believe these competencies, along with the conceptual framework that guides them, can serve as the foundation for the development of robust IDS curricula. We encourage other training programs and institutions to use or adapt our design principles, framework, and competencies to examine their existing IDS-related curricula and identify opportunities for growth.
